The field experiment was conducted to observe the effect of combined heat and drought stress on Catalase, Peroxidase, Nitrate reductase and Soluble protein contents to screen and study the biochemical basis of heat and drought tolerance in three rice genotypes (ADT 43, TKM 9 and N22). The stresses were imposed at panicle initiation (PI) and anthesis stages of crop growth. The genotype N22 was found to be tolerant followed by TKM 9 while ADT 43 was observed to the susceptible genotype based on the above biochemical traits. ). Higher antioxidant enzymes activity coupled with more soluble protein and Nitrate reductase activity was clearly demonstrated in the tolerant genotype (N22) compared to susceptible genotype (ADT 43). These results confirm that these biochemical traits may be used to screen rice genotypes for combined stresses and understand the mechanism underlying stress tolerance.
Dept. of Crop Physiology, Regional Agricultural Research Station, Tirupati, Andhra Pradesh, (517 501), India 2 Dept. of Crop Physiology, Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu (641 003), India
The field experiment was conducted to observe the effect of combined heat and drought stress on Catalase, Peroxidase, Nitrate reductase and Soluble protein contents to screen and study the biochemical basis of heat and drought tolerance in three rice genotypes (ADT 43, TKM 9 and N22). The stresses were imposed at panicle initiation (PI) and anthesis stages of crop growth. The genotype N22 was found to be tolerant followed by TKM 9 while ADT 43 was observed to the susceptible genotype based on the above biochemical traits. Irrespective of genotypes, anthesis stage stress brought about accumulation of antioxidant enzymes and soluble protein compared to stress at PI stage. ADT 43 recorded low catalase activity of (6.91 µg H 2 O 2 min -1 g -1
), peroxidase activity of (4. ) and Nitrate reductase activity of (15.84 µg NO 2 g -1 h
Introduction
Rice is one of the most staple food crops in India and nearly half of the world's population depends on rice which requires an increase in production by 0.6−0.9% annually until 2050 for growing population. The projected requirement by the year 2050 for consumption purpose alone is 0.136 mt for an expected population of about 162 million (Ramesh chand, 2012) . Though, the scope of bringing additional area under rice cultivation is limited and the increase in production has to come from less land, water, labour and other inputs without causing any adverse impact on environment. During the coming years agriculture globally will have to face dramatic climate change (Battisti and Naylor, 2009; Nelson et al., 2014) . Water availability will be a limiting factor for agricultural activities in arid and semi-arid regions. Even the areas that have to some extent of available water, are also expected to experience prolonged periods of drought. Moreover, increased atmospheric temperature and heat waves incident are expected to reduce the yields by depleting the water availability (IPCC, 2013) . One of the major consequences of combined heat and drought stress is the excess generation of reactive oxygen species (ROS), which leads to oxidative stress (Hasanuzzaman et al., 2012 (Hasanuzzaman et al., , 2013 . Plants must be protected from heat induced oxidative stress so that they can survive under multiple abiotic stresses. Tolerance to heat and drought stress in crop plants has been associated with an increase in antioxidantal capacity (Almeselmani et al., 2006; Babu and Devraj, 2008) . Tolerant plants were able to survive with a tendency of protection against the damaging effect of ROS scavenging and detoxification (Apel and Hirt, 2004 (Vu et al., 1999) leads to rapid decrease in abundance of RuBisCo small subunits transcripts, which may indicate the decreased synthesis. Heat stress induced suppression of photosynthesis, is mainly by decreasing the proportion of soluble protein to total leaf N, adversely affecting the rubisco protein and activity (Xu and Zhou, 2006) . The reduction of NO 3 − to NO 2 − catalyzed by Nitrate reductase (NR) is considered to be the rate-limiting step of N assimilation. NR activity is co-ordinated with the rate of photosynthesis and the availability of C skeletons by both transcriptional and post translational controls (Huber et al., 1996) .Nitrate reductase activity is vital for the metabolic and physiological status of plants and can be used as a biomarker of plant stress including drought. Nitrate reductase activity decreases in plants exposed to water limitation (Azconet al., 1996) . The nitrate reductase activity was decreased in wheat under water deficit condition compared to control (Dwivedi et al., 2012) .
The impacts of environmental stress particularly drought and heat on crop physiology and yield have been studied independently. However, under field conditions, both of these stresses often occur in combination. Hence, overcoming the effects of high temperature and water stress on rice production is essential for food security in the future. Hence, the present study was aimed to evaluate the impact of the heat and drought stress in combination on anti-oxidant enzyme activity, Nitrate reductase and soluble protein contents and to draw inferences on the major physiological processes and biochemical constituents conferring to access the tolerance/susceptibility of rice.
Materials and Methods
The present field investigation was carried out during 2013 in the month of January to May in Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu, to study the enzyme activities and to access the tolerance/susceptibility of rice (Oryza sativa L.) genotypes viz., ADT 43, TKM 9 and Nagina 22 (N 22) to heat and drought stress. For conduct the study, nursery was raised at Paddy Breeding Station of Tamil Nadu Agricultural University, Coimbatore. Twenty one days old seedlings at one seedling per hill were transplanted with a spacing of 20×10 cm 2 in the Rain Out Shelter (ROS) facility of the Department of Crop Physiology. Stress treatments were imposed in the ROS, while a similar area of control was maintained adjacent to the ROS facility. The dimensions of the Rain Out Shelter and the Control were 21 m long and 6 m wide. Prior to transplanting, the land inside ROS and the area which is parallel outside the ROS (Control) were puddled, levelled and incorporated with recommended dosage of basal fertilizer 150:50:50 N, P 2 O 5 , K 2 O kg ha -1
. The land was divided into 12 plots with 2m 2 plot -1
. The experiment consist three treatments and four replications. The treatment details are as follows T 1 -(Control) well-watered throughout the crop growth period, T 2 -Drought and Natural High temperature stress at Panicle Initiation (PI) stage in which water was withheld for 2 weeks with a moisture stress of -50 to 70 kpa and the temperature ranged from 34.2 to 37.8 o C (Figure 1a ) at the time of panicle initiation, T 3 -Drought and Natural high temperature stress at anthesis stage in which water was withheld for 2 weeks and the temperature ranged from 33.5 to 36.6 o C (Figure 1b ) at the time of anthesis. The time of sowing of the selected genotypes were staggered such that their PI and Anthesis coinciding the natural high temperature around the early of April for panicle initiation stress and May to June for anthesis stress. Temperature for the entire experiment period was monitored by installing the log stick data logger (Model. LS350-TH Japan) and an automated weather station inside the ROS and control area. Drought stress treatments were administrated and monitored by measuring the soil water potential using the tensiometers installed at 30 cm depth in each plot. Water was completely withheld for 2 weeks during the stress period. Plants were re watered when the tensiometers registered soil water tension of -50 to -70 kpa.
Catalase activity was assayed from the rate of H 2 O 2 decomposition extinction coefficient of 39.4 mmol as measured by the decrease in the absorbance at 240 nm, following the procedure of Aebi (1974) . The reaction mixture contains 50 mmol potassium phosphate buffer (pH 7.0) and Perur (1962) and Angelini et al. (1990) method. One gram of leaf was extracted using 0.1M phosphate buffer (pH 7.0) and a known volume of the extract was added to a cuvette containing 3 ml phosphate buffer and 3 ml pyrogallol was added and the increase in absorbance at 430 nm was recorded. The change in absorbance in minutes was used to calculate the enzyme activity.
Nitrate reductase activity was estimated in fully expanded leaves from control and stress imposed plants by Nicholas et al. (1976) method. The enzyme activity was expressed as μmol NO 2 g -1 h -1 .
Soluble protein content was estimated from the leaf samples by Lowry et al. (1951) method. Soluble protein was estimated from the third leaf of both the control and treated plants. Known weight of leaves was homogenized with phosphate buffer in a mortar and pestle. The homogenate was centrifuged at 3000 rpm for 10 min. The supernatant was made to known volume and 0.1 ml was taken for estimation of proteins. The plant extract was made to 1ml with distilled water; 5 ml of alkaline copper tartarate solution was added and made to stand for 10 min at room temperature. Folin reagent at 0.5 ml was added rapidly with immediate mixing and kept aside for 30 minutes for colour development. The intensity of the colour was measured at 660 nm and expressed as mg g -1 fresh weight.
Statistical analysis
Factorial Randomized Block Design (FRBD) analysis was carried out on various parameters as per the procedure suggested by Gomez and Gomez (1984) . Wherever the treatment differences are found significant, critical differences were worked out at 5% probability level and the values are furnished. Two tailed Pearson's correlation was carried out by SPSS software and ** represents significant at 0.01%, * represents significant at 0.05%.
Results and Discussion
The catalase (CAT) activity (µg H 2 O 2 min -1 g -1 ) of the leaf showed an increasing trend as the growth stage advanced from PI to anthesis under control and combined stresses ( Table 1) . The CAT activity in ADT 43 was 5.68 with 23.7% increase over control at PI stage and with a value of 6.91 and increase of 26.4% over control at anthesis stage. Higher catalase activity of 6.70 with 25.9% increase over control at PI and 34.3% at anthesis stage was noticed in N 22. The cultivar TKM 9 followed N 22 with an activity of 6.22 with 26.0% increase at PI and a value of 7.1 with 19.4% increase over control at anthesis stage.Higher accumulation of H 2 O 2 coupled with low rate of enzyme activity indicates the susceptible nature of the genotype to heat and drought stress. In the present study, high temperature and water deficit condition stimulates the catalase activity at various levels due to genotypic variations to stress tolerance. Elevation in enzyme activity was about 26% and 35% in N 22 at PI and anthesis stresses respectively. Therefore, high CAT activity in this genotype could be related to its role in preventing the formation of ROS like H 2 O 2 , and therefore the appearance of excessive damage by oxidative stress, achieving better heat and drought tolerance.This view is supported by Rao et al. (2012) stating that, the catalase enzyme plays an important role in lowering the ROS levels and helping avoid oxidative stress. Peroxidase (PX) activity (Δ 430 nm g -1 min -1
) was less in ADT 43 (3.69) with 14.3% increase at PI stage and enzyme activity of 4.35 over control at anthesis stage under combined heat and drought stress. The cultivar N 22 showed higher PX activity of 4.79 with 23.3% increase at PI and 5.68 at anthesis which is 34.3% increase over control at anthesis stage. The genotype TKM 9 recorded a value of 4.44 with 21.1% increase over control at PI and 5.53 at anthesis stage ( Table 2 ). The level of peroxidase activity increased over control indicating the higher production of reactive oxygen radicals under heat and drought stress. Cao et al. (2009) reported an increase in PX activity from 11.6 to 41.3% under Cao et al. (2009) who explained that high activity of protective enzymes in the antioxidant system in plants might be one of the physiological mechanism for heat tolerance in rice. This finding is indicating the fact that tolerant genotypes showed higher peroxidase activity compared to susceptible genotypes. Nitrate Reductase (NR) is an important enzyme for nitrogen assimilation ultimately protein synthesis in plant cell which is highly sensitive to heat and drought stress condition. NR activity is vital for the metabolic and physiological status of plants and can be used as a biomarker of plant stress including drought since, Nitrate reductase activity decreases in plants exposed to water limitation (Azcon et al., 1996) . In the present study, reduction in NR activity was more in ADT 43 (12.22) with 11.1% decrease over control at PI stage and 6.1% reduction over control at anthesis stage under combined heat and drought stress recording a value of 14.52. The cultivar N 22 showed higher NR activity of 13.10 with 4.4% reduction at PI and a value of 15.84 with 5.2% decrease over control at anthesis stage followed by TKM 9 with a content of 12.85 with 8.1% decrease at PI and 8.8 % increase over control at anthesis stage ( Figure 2) . Correia et al. (2005) stated that, maintenance of NR activity has an imperative role by the tolerant genotypes for and 11.1 respectively. Whereas, N 22 recorded the lowest value of soluble protein content of 13.9 and 12.6 in control and value of 12.9 and 11.5 at PI and anthesis respectively. In the present study, N 22 maintained higher soluble protein in both the trials and treatments with 6.3% and 12.8% reduction at PI and anthesis stress respectively over control (Figure 3) . While, ADT 43 showed higher reduction per cent over the control in nitrogen assimilation and protein synthesis, which ultimately leads to improved productivity under heat and drought. It was also suggested that, some tolerant genotypes showed a marked reduction of NR activity under drought indicating that the enzyme is highly sensitive to stresses. The soluble protein (SP) content of the leaf, being a measure of RuBP carboxylase activity, is considered as an index for photosynthetic efficiency. The varietal and treatmental differences were significant for the soluble protein content. In control, ADT 43 recorded highest SP content of 14.6 and 13.7, and when it was imposed with stress at PI and anthesis, the values were 12. ) in rice genotypes subjected to heat and drought stress at panicle initiation stage.
Peroxidase activity soluble protein content by the genotypes could be attributed to higher Rubisco activity leading to more carbon fixation and ultimately to higher photosynthetic efficiency under heat and drought, is one of the important traits for tolerance. PX had a strong positive correlation with SP content ( Figure  5 ). This study was in corroboration with Xu and Zhou (2006) concluded that heat and drought stress induced suppression of photosynthesis mainly by decreasing the proportion of soluble protein to total leaf N, adversely affecting the Rubisco protein and activity. 
Conclusion
Antioxidant enzymes like CAT and PX activity under combined stresses can be used as physiological traits to screen rice genotypes. A high positive correlation of these traits shows up regulation of these enzymes underlies stress tolerance in rice genotypes. PX had a strong positive correlation (r=0.93, p<0.05) with SP content. Whereas, CAT activity had a positive correlation (r=0.95, p<0.05) with NR activity. Tolerant genotypes with high antioxidant enzymes activity were able to maintain the photosynthetic activity and survive well under stress situations.
